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MIXTURES AND METHODS FOR THE INDUCTION OF RESISTANCE IN 
PLANTS 

The present invention relates to mixtures and meth- 
ods for inducing resistance in plants. 

The induction of resistance in plants is a method 
for controlling diseases, which is of growing interest as 
it is based on the amplification of a natural process al- 
ready present in plants by means of the application of 
products which, in themselves, can also have next to lit- 
tle or no bioactivity. 

The natural defence process of plants comprises a 
complex network of messengers, regulators and genes which 
provide a large number of responses, said network being 
defined as an Innate Plant Defence (IPD) network. The 
functioning of this process is influenced by a number of 
factors which cannot always be easily controlled- Conse- 
quently, one of the problems associated with the induc- 
tion of resistance in plants is the onset of undesirable 
effects which economically damage the crop. Large ne- 
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crosed areas can in fact appear, which reduce the yield 
of the harvest and/or its economical value. 

A possible response of the innate plant defence net- 
work does in fact envisage that the plants can synthesize 
5 biocide agents with various action mechanisms and morpho- 
logically modify the cellular structure, even as far as 
decreeing the death of the cell (necrosis of the vegeta- 
ble tissue) . 

Abiotic stress factors (for example extreme tempera- 

0 tures, drought, salinity) , which are not directly con- 
nected to phytopathogen infections, can also interfere 
with the IPD network. 

Salicylic acid (SA) plays a key role in IPD. The 
starting or interruption of a specific IPD, in fact, in 

5 addition to the qualitative and quantitative modulation 
of its response, are an indication of the SA level in 
vegetable tissues. It has also been recognised that SA is 
both the switch of a local response and also that of a 
specific Systemic Acquired Resistance (SAR) which is 

0 thought to cause the expression of at least 10 pathogene- 
sis-related proteins (PR) . As each of these responses 
shows a different action mechanism, the induction of 
plant defence is considered an important means for the 
anti -resistance strategy (M.Lodovica Gullino, Pierre 

5 Leroux and Constance M. Smith, Crop Protection, Vol. 19 
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(1) (2000) pages 1-11) . 

The invasion of a vegetable on the part of a phyto- 
pathogen stimulates the increase in the SA content which 
therefore induces the self-defence of the plant against 
5 the continuation of the infection underway and allows the 
infection to be controlled, a control which, however, not 
always reaches an acceptable level. On the other hand, it 
is known that the addition of exogenic SA, or a func- 
tional analogous product, allows a better, and at times, 

10 total control of the oncoming infection, by stimulating 
preventive responses . 

Single products are currently known - salicylic acid 
and its derivatives, acetyl salicylic acid and its de- 
rivatives, 2, 6-dichloroisonicotinic acid (INA) , S-methyl 

15 ester of benzo [1, 2 , 3] thiadiazolyl-7-thiocarboxylic acid 
(BTH) - which, however, have a limited practical use as 
they are not able to exert an always reliable control of 
the disease . 

This problem can also arise in genetically modified 
20 organisms (GMO) , wherein the modification consists in 
maintaining an SA threshold sufficient for constantly 
alerting the self-defence mechanisms mediated by the 
same . 

The use of salicylic acid or its functional analo- 
25 gous products, however, can cause undesired side- effects 
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which negatively influeace the quality and quantity of 
the treated crop. These effects are one of the causes 
which have not allowed a wide exploitation of resistance 
induction in plants in agronomical practice. 
5 The Applicant has already previously found that 

salicylic acid, or its functional derivatives, have a 
synergetic effect with products- having a direct fungi- 
cidal activity. In particular, inorganic copper com- 
pounds, known in the art and already on the market, have 

10 already been patented, vhich have an efficacious syner- 
getic effect - with cupric salts of derivatives of sali- 
cylic acid, as claimed ia international patent applica- 
tion PCT/EP02/12S82. 

The Applicant has now surprisingly found that cer- 

15 tain products which have a scarce or non-existent direct 
fungicidal activity, when in' a mix with salicylic acid or 
its functional derivatives , are capable of amplifying the 
activity, also potentially increasing, however, the risk 
of undesired side-effects. 

20 The Applicant has also found that the addition of 

specific compounds allows a surprising minimization or 
absence of the above undesired effects to be obtained. 

The Applicant has therefore found blends and an ap- 
plicative method which allow the agronomic use of IPD in 

25 an efficient and safe way, by optionally combining the 
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components of the mixture according to the necessity of 
amplifying the response and/or obtaining a defence with- 
out undesired effects. 

An object of the present invention consequently re- 
5 lates to a blend comprising two or more compounds se- 
lected from at least two of the following groups: 

i) salicylic acid and/or its functional analogous 
products (ESA) , 

ii) promoting compounds (PRO) and 
10 iii) modulating compounds (MOD) . 

An object of the present invention is also the use of 
a blend comprising two or more compounds selected from 
two of the following groups: 

i) salicylic acid and/or its functional analogous 
15 products (ESA) , 

ii) promoting compounds (PRO) and 

iii) modulating compounds (MOD) , 

for stimulating the natural defence systems of plants and 
induce resistance in the plant itself. 

2 0 An object of the present invention also relates to 

the use of two or more compounds selected from at least 
two of the following groups: one or more compounds be- 
longing to the ESA group and/or one or more compounds be- 
longing to the PRO group and/or one or more compounds be- 

25 longing to the MOD group, wherein ESA, PRO and MOD have 
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the meanings specified above, applied singly, by means of 
applicative programs which envisage alternating applica- 
tion, to stimulate the natural defence systems of plants 
and to induce resistance in plants . 
5 The use of various products for each single group 

allows the different physico-chemical characteristics of 
each product to be better exploited, so as to provide 
specific pharmacokinetics to better modulate its action 
and make the technology, object of the present invention, 

10 more efficient. 

The "blends thus obtained have such -properties as to 
enable the resistance induction mechanism in plants to be 
exploited in agronomic practice, thus providing an ex- 
tremely economically valid and reliable method also under 

15 environmental conditions which can cause abiotic stress 
to the plant (extreme temperatures, drought, salinity, 
etc . . ) . 

A further object of the present invention therefore 
relates to a method for stimulating the natural defence 

20 systems of plants and inducing resistance in plants, 
which includes the application of two or more compounds 
selected from at least two of the following groups: one 
or more compounds belonging to the ESA group and/or one 
or more compounds belonging to the PRO group and/ or one 

25 or more compounds belonging to the MOD group, wherein 
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ESA, PRO and MOD have- the meanings specified above, both 
in a blend with each other or singly, by means of appli- 
cative programs which envisage their alternating applica- 
tion. 

5 The method for stimulating the natural defence sys- 

tems of plants, according to the present invention, is 
particularly advantageous as it allows the protective ac- 
tivity to be amplified and minimizes the phytotoxic ef- 
fects associated with the above-mentioned mechanisms, 

10 called hypersensitive responses (HR) and providing a sig- 
nificant benef it ~ to the vegetable, which thus remains 
"immunised" as a whole and more resistant to pathogen 
agents and various forms of abiotic stress. 

In particular the promoting compounds defined PRO, 

15 when applied in a mix with salicylic acid or its func- 
tional analogous products ESA (exogenous "salicylic 
acid") according to the present invention, are capable of 
providing a synergetic effect, responsible for a surpris- 
ing amplification of the biocide activity with respect to 

2 0 phytopathogen agents, much higher than the activity ex- 
pected, as estimated by means of the Limpel formula. 

ESA compounds include: salicylic acid, a derivative 
of salicylic acid and/or a mimetic compound of salicylic 
acid, or products which exert an analogous function in 

25 the plant in the induction process of systemic acquired 
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resistance (SAR, review Ryals et al, 1996 Plant Cell vol . 
8/ pages 1809 - 1819) mediated by salicylic acid. 

More specifically, the ESA compound of group i) can 
have the meaning of : 

a salicylic compound having formula (I) : 



(R 3 )n 



Y — R< 




(I) 



wherein : 



10 



Ri represents a hydrogen atom or a Ci-C 6 alkyl group, 
or a metal cation; 

R 2 represents a hydrogen atom or an acyl group COR' , 
or a metal cation; 

Ri and R 2 can jointly coordinate the same metal ca- 
tion; 



15 



20 



R' represents a hydrogen atom or a Ci-C 6 alkyl group, 
or a benzyl group optionally substituted; 

R 3 , the same or different when n is 2, represents a 

halogen atom, optionally selected from fluorine, 

chlorine, bromine and iodine, or a Ci-C 6 alkyl group, 

a C x -C 6 alkoxyl group, a C x -C 6 thioalkyl group, a Ci-C 6 

thioalkoxyl group, a C 2 -C 7 carbo- alkoxyl group, a 

cyano group, a phenyl group optionally substituted, a 

8 
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hydroxyl group, a nitro group; 
n is a number between 0 and 2; 

X and Y, the same or different, have the meaning of 
oxygen or sulphur or NH; 
5 or ESA can mean a mimetic compound of salicylic acid 

having formula (I la) or (lib) : 




10 (lib) 

wherein Ri, X and Y have the meanings defined above . 

Said compounds having general formula (I) , (I la) and 
(lib) can also be present in hydrate form by the coordi- 
nation of any number of molecules of water, and can be 

15 salified by organic bases, such as piperidine, pipera- 
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zine, morpholine and natural amino acids, such as, for 
example, lysine, cysteine, serine. 

Said compounds (I) , (I la) and (lib) , moreover, when 
salified with metal cations, are intended, as being in any 
5 molar ratio between acid and metal, depending on the va- 
lence of the metal itself; for example, for a bivalent 
metal, the acid and metal ratios can be 1:1 or 1:2. 

PRO compounds include products which show a scarce 
or null fungicidal direct activity and which can option- 

10 ally induce some type of defence or, in any case, physio - 
logical perturbation of the plant. 

Products defined as PRO can consequently be a wide 
range of products, of both a natural or synthetic origin, 
capable of causing such physiological perturbations to 

15 the plant as to be able to provoke situations of stress, 
also non-specific. All resistance inductors can therefore 
be included, which are known for not being functional 
analogous products of SA, the same non- virulent or viru- 
lent microorganisms, when used in sub -lethal dosages, 

2 0 part of the same which can induce recognition of the 
pathogen, substances capable of exciting biological sys- 
tems of the plant causing stress and/or defence re- 
sponses, also non-specific, and also the use of non- 
selective chemicals for the plant itself (even herbi- 

25 cides) in sub-lethal dosages. 
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More specifically, the PRO compound of group ii) , 
subdivided into the sub-groups a-f, can have the follow- 
ing meanings : 

a: salts or oxides of metals such as sodium, 
5 lithium, potassium, magnesium, calcium, copper, zinc, 
iron, manganese, as sulphates, nitrates, phosphates, 
phosphonates or phosphites, carbonates or organic che- 
lates, such as, for example, titanium dioxide, titanium 
citrate, titanium malate, zinc oxide, zinc sulphate, zinc 
10 nitrate, iron sulphate, iron nitrate, calcium sulphate, 
iron oxides, magnesium sulphate, copper sulphate, zinc 
carbonate, calcium phosphate, silica, silicic acid, iron 
polycarboxylates ; 

b: dyes and pigments, such as, for example, 
15 Prussian blue, Bengal pink, phthalocyanines , metal por- 
phyrins, natural or synthesis optical bluing products, 
such as, for example, esculetin, esculin, umbellipheron, 
stilbenic derivatives; 

c: saccharides and derivatives, such as, for 
2 0 example, glucosamine, chit in, chitosane, glucanes, such 
as, for example, lamarine or glucopyranes optionally sub- 
stituted with fatty acids or galactomannans, such as, for 
examp 1 e , gua r ; 

d: nitroso donor compounds, such as, for exam- 
25 pie, sodium nitrof errocyanide ; 
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e: organic acids and derivatives such as 

esters and amides, for example, aspartame and saccharin; 
amino acids such as for example benzoic acid, cinnamic 
acid, propionic acid, 1 - amino- 1-cyclopropancarboxylic 

5 acid, ' p-aminobutyric acid (BABA) , free dextrorotatory 
amino acids of the protein type, or incorporated in oli- 
gopeptides, or blends of said dextro- or levorotatory 
free amino acids or incorporated in oligopeptides; 

f: proteins inducing immune vegetable re- 
10 sponses such as arpine. 

MOD ~ compounds include products capable of reduc- 
ing/eliminating the necrotized surfaces caused by agents 
involved in hypersensitive responses (HR) , or by agents 
in any case toxic, amplified in their action by SA, pos- 
15 sibly strengthened by stress conditions, improving the 
activity of the phytoiatric mixture and widening its ap- 
plication on site. 

As a result of these specific characteristics, MOD 
compounds can be applied in a blend or alternated with 
2 0 other components of the method object of the present in- 
vention, with the first appearance, or preferably for 
precautionary measures, of symptoms of hypersensitive re- 
sponses, also on genetically modified plants. 

More specifically, the MOD compound of group iii) 
25 can have the meaning of: 
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glutathione (GSH) , or a compound capable of favour- 
ing accumulation in vegetable tissues, 4-hydroxyproline 
and its derivatives, allantoine, L-glutamic acid and its 
derivatives , tert -butylhydroquinone , betaine , cystine , 
5 cysteine, or its derivative having formula (III) : 




(III) 



wherein: 



10 - Ri has the meanings defined above, 

R 4 and R 5/ the same or different, can have the mean- 
ing of a hydrogen atom, a C a -C 6 alkyl group, a methyl 
carboxylic group, a C 2 -C 7 methyl carboalkoxylic 
group, an optionally substituted phenyl group, 
15 - R* and R 5 , jointly, can have the meaning of the alky- 

lidene group -\(CH 2 )m-, 
m has the value of 1 or 2 , 

R 6 represents a hydrogen atom, or an acyl COR' group. 
Said compounds having general formula (III) can also 

* 

2 0 be present in hydrate form, by the coordination of any 
number of molecules of water, and can be salified by or- 
ganic bases, such as piperidine, piperazine , morpholine 

13 
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and natural amino acids, such as, for example, lysine. 

In particular, the blend comprising one or more MOD 
compounds, applied together with one or more PRO com- 
pounds, in the presence or absence of one or more ESA 
5 compounds, exerts these beneficial effects, capable of 
minimising or avoiding undesired side-effects. 

The application of one or more MOD compound together 

with p-aminobutyric acid (BABA) , for example, known for 
limiting leaf diseases but generating necrosis (Physio- 

10 logical and Molecular Plant Pathology (1994), vol. 44, 
pages 273-288) , produces a reduction in or the elimina- 
tion of the effect. 

In the previously mentioned formulae, Ci-C 6 alkyl 
group means a linear or branched Ci-C 6 alkyl group, pos- 

15 sibly substituted, the substituents being the same or 
different. 

Examples of this group are: methyl, ethyl, propyl, 
isopropyl, tert-butyl, amyl, hexyl . 

Ci-C 6 alkoxyl group means a Ci-C 6 alkoxyl group in 
20 which the aliphatic portion is a Ci-C 6 alkyl group, as 
previously defined. 

Examples of this group are: methoxyl, ethoxyl, bu- 

toxyl . 

Ci-C 6 thioalkyl group means a C!-C 6 thioalkyl group in 
25 which the aliphatic portion is a Cx-Cg alkyl group, as 

14 



■ 
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previously defined. Examples of this group are: 
thiomethyl , thioethyl , thioamyl . 

Ci-C 6 thio-alkoxyl group means : a C a -C 6 thioalkoxyl 
group in which the aliphatic portion is a C x -C 6 alkyl 
5 group, as previously defined. Examples of this group are: 
thiomethoxyl , thioethoxyl , thiopropoxyl . 

C 2 ~C 7 carboalkoxyl group means a C 2 -C 7 carboalkoxyl 
group in which the aliphatic portion is a Ci-C 6 alkyl 
group, as previously defined. 
10 Examples of this group are: carboxymethyl , car- 

boxyethyl , carboxypropyl , carboxyhexyl . 

Metal cation means a metal cation that can be mono-, 
di-, tri- or tetra-valent . 



15 magnesium, calcium, copper, zinc, iron, manganese. 

In the previous definitions, optionally substituted 
refers to one or more substituents , the same or differ- 
ent, selected from the following groups: halogen atoms, 
alkyl, alkoxyl, alkylthio, cyano, hydroxy, amino- 

2 0 carbonyl , carboalkoxyl . 



Examples of metals are: sodium, lithium, potassium, 



Examples of preferred ESA compounds are the follow- 



mg: 



o 



salicylic acid, 



o 



copper (II) salt of salicylic acid, 



25 



o 



zinc (II) salt of salicylic acid, 



15 
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o calcium (II) salt of salicylic acid, 

© magnesium (II) salt of salicylic acid, 

o iron (II) salt of salicylic acid, 

o iron (III) salt of salicylic acid, 

5 o manganese (II) salt of salicylic acid, 

o sodium salt of salicylic acid, 

o potassium salt of salicylic acid, 
o ' methyl ester of salicylic acid, 

o ethyl ester of salicylic acid, 

10 o isopropyl ester of salicylic acid, 

o methyl thioester of salicylic acid, 

o methyl thioester of thiosalicylic acid, 

© ethyl ttiioesfcer of salicylic acid, 

o ethyl thioester of thiosalicylic acid, 

15 o acetyl salicylic acid, 

o copper (II) salt of acetylsalicylic acid, 

o zinc (II) salt of acetylsalicylic acid, 

o calcium (II) salt of acetylsalicylic acid, 

o magnesium (II) salt of acetylsalicylic acid, 

20 o iron (II) salt of acetylsalicylic acid, 

o iron (III) salt of acetylsalicylic acid, 

o manganese (II) salt of acetylsalicylic acid, 

o sodium salt of acetylsalicylic acid, 

o potassium salt of acetylsalicylic acid, 

25 o methyl ester of acetylsalicylic acid, 

16 
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o ethyl ester of acetylsalicylic acid, 

o isopropyl ester of acetylsalicylic acid, 

o methyl thioester of acetylsalicylic acid, 

o methyl thioester of acetylthiosalicylic acid 

5 o ethyl thioester of acetylsalicylic acid 

o ethyl thioester of acetylthiosalicylic acid 

o 5-chlorosalicylic acid 

o copper (II) salt of 5-chlorosalicylic acid, 

o zinc (II) salt of 5-chlorosalicylic acid, 

10 o calcium (II) salt of 5-chlorosalicylic acid, 

o magnesium (II )~ salt of 5-chlorosalicyiic acid, 

o iron (II) salt of 5-chlorosalicylic acid, 

o iron (III) salt of 5-chlorosalicylic acid, 

o manganese (II) salt of 5-chlorosalicylic acid, 

15 o sodium salt of 5-chlorosalicylic acid, 

o potassium salt of 5-chlorosalicylic acid, 

o methyl ester of 5-chlorosalicylic acid, 

° ethyl ester of 5-chlorosalicylic acid, 

o isopropyl ester of 5-chlorosalicylic acid, 

2 0 o 5-chloroacetylsalicylic acid, 

o copper (II) salt of 5-chloroacetylsalicylic acid, 

o zinc (II) salt of 5-chloroacetylsalicylic acid, 

o calcium (II) salt of 5-chloroacetylsalicylic acid, 

o magnesium (II) salt of 5-chloroacetylsalicylic acid 

25 o iron (II) salt of 5-chloroacetylsalicylic acid, 

17 
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• iron (III) salt of 5-chloroacetylsalicylic acid, 

• manganese (II) salt of 5-chloroacetylsalicylic acid 

• sodium salt of 5-chloroacetylsalicylic acid, 

© potassium salt of 5-chloroacetylsalicylic acid, 

5 o methyl ester of 5-chloroacetylsalicylic acid, 

o ethyl ester of 5-chloroacetylsalicylic acid, 

o isopropyl ester of 5-chloroacetylsalicylic acid, 

© 2 , 6-dihydroxybenzoic acid, 

o copper (II) salt of 2 , 6-dihydroxybenzoic acid, 

10 o methyl ester of 2 , 6-dihydroxybenzoic acid, 

o iron (II) salt of 2, 6-dihydroxybenzoic acid, 

o 3-methylsalicylic acid, 

o 3-methylacetylsalicylic acid, 

o 3-methoxysalicylic acid, 

15 © 3-methoxyacetylsalicylic acid, 

o 3-thiomethylsalicycilc acid, 

o 3-thiomethylacetylsalicylic acid, 

o 3 -thiomethoxysalicylic acid, 

o 3-thiomethoxyacetylsalicylic acid, 

20 o 3-phenylsalicylic acid, 

o 3-phenylacetylsalicylic acid, 

o copper (II) salt of 3-phenylsalicylic acid, 

o copper (II) salt of 3-phenylacetylsalicylic acid, 

o 3-methoxycarbonylsalicylic acid, 

25 o 3-methoxycarbonylacetylsalicylic acid, 

18 
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« 3-cyanosalicylic acid, 

© 3-cyanoacetylsalicylic acid, 

° copper (II) salt of 3 -me thoxy salicylic acid, 

o copper (II) salt of 3-methoxyacetylsalicylic acid, 

* 

5 © 5-nitrosalicylic acid, 

o 5-nitroacetylsalicylic acid 7 

o copper (II) salt of 5-nitrosalicylic acid, 

o copper (II) salt of 5-nitroacetylsalicylic acid, 

o sodium salt of 5-nitrosalicylic acid, 

o sodium salt of 5-nitroacetylsalicylic acid, 

o iron(II) salt of 5-nitrosalicylic acid, 

o iron (II) salt of 5-nitroacetylsalicylic acid, 

o zinc (II) salt of 5-nitrosalicylic acid, 

o zinc (II) salt of 5-nitroacetylsalicylic acid, 

o 2 , 6-dichloroisonicotinic acid, 

o methyl ester of 2 , 6-dichloroisonicotinic acid, 

o ethyl ester of 2 , 6-dichloroisonicotinic acid, 

o thiomethyl ester of 2 , 6-dichloroisonicotinic 
thioacid, 

o copper (II) salt of 2, 6-dichloroisonicotinic acid, 

o iron (II) salt of 2 , 6-dichloroisonicotinic acid, 

o iron (III) salt of 2 , 6-dichloroisonicotinic acid, 

o zinc (II) salt of 2 , 6-dichloroisonicotinic acid, 

o magnesium (II) salt of 2 , 6-dichloroisonicotinic 
acid, 

19 



WO 2005/094580 



PCT/EP2005/001924 



JLf,. 



sodium salt of 2 , 6-dichloroisonicotinic acid, 
potassium salt of 2 , 6-dichloroisonicotinic acid, 



S-methylester 



of 



thiocarboxylic acid, 



benzo [1,2,3] thiadiazolyl-7 



10 



methyl ester of benzo [1, 2 , 3] thiadiazolyl-7 
thiocarboxylic acid, 

methyl ester of benzo [1 , 2 , 3] thiadiazolyl-7 
carboxylic acid, 

benzo [1,2,3] thiadiazolyl- 7- thiocarboxylic acid, 
benzo [1,2,3] thiadiazolyl-7-carboxylic acid, 



15 



copper (IT) salt of benzo [1,2, 3] thiadiazolyl- 7 
thiocarboxylic acid, 

magnesium (II) salt of benzo [1, 2 , 3] thiadiazolyl 
7-thiocarboxylic .acid, 

zinc (II) salt of benzo [1 , 2 , 3] thiadiazolyl-7 



thiocarboxylic acid, 



sodium 



salt 



of 



thiocarboxylic acid, 



benzo [1,2,3] thiadiazolyl-7 



20 



potassium salt of benzo [1 , 2 , 3] thiadiazolyl-7 
thiocarboxylic acid, 



iron (II) salt of benzo [1, 2, 3] thiadiazolyl-7 
thiocarboxylic acid, 



25 



iron (III) salt of benzo [1, 2 , 3] thiadiazolyl-7 
thiocarboxylic acid, 

Salts of bivalent metals are salts in which the mo 



20 
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lar ratios acid : metal can be 1:1 or 2:1, for example 
Cu 2+ SA 2 , Cu 2+ SA . 

Examples of PRO compounds are the following: 

o titanium dioxide, 

5 o zinc oxide, 

o iron oxides, 

o copper oxide, 

o iron nitrate, 

o zinc nitrate, 

10 o calcium nitrate, 

o magnesium nitrate, - " " 

o copper nitrate, 

o copper sulphate, 

o z inc sulphate , 

15 o iron sulphate, 

o calcium sulphate, 

o magnesium sulphate, 

o silica, 

o silicic acid, 

20 o calcium phosphate, 

o zinc phosphate, 

o magnesium phosphate, 

o mono-potassium salt of phosphorous acid, 

o di-potassium salt of phosphorous acid, 

25 o 50:50 blends of mono -potassium salt of phospho- 
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rous acid and di -potassium salt of phosphorous 
acid, 

° copper carbonate, 

o zinc carbonate, 
5 o Prussian blue, 

© sodium nitrof errocyanide (III) , 

o glucosamine, 

o N- acet ylglucosamine , 

° glucosamine pentaacetate , 
10 o chitin, 

o chitosane, 

° benzoic acid, 

o 3 -chlorobenzoic acid, 

o 4 -chlorobenzoic acid, 

15 o 3-bromobenzoic acid, 

© 4-bromobenzoic acid, 

o 3-methylbenzoic acid, 

o 3 , 4-dimethoxybenzoic acid, 

o 3 , 4-dihydroxybenzoic acid, 

20 o vanillic acid 

o cinnamic acid, 

o P-aminobutyric acid (BABA) , 

o 7-aminobutyric acid (GABA) , 

° guar, 

25 o arpine, 



22 



WO 2005/094580 



PCT/EP2005/001924 



• commercial protein hydrolyzed products of an ani 
mal origin, 

o commercial protein hydrolyzed products of a vege 
table origin, 

5 o titanium citrate, 

o titanium malate, 

o Bengal pink, 

© copper phthalocyanine, 

o iron phthalocyanine, 

10 o zinc phthalocyanine, 

o magnesium phthalocyanine, 

o copper chlorophthalocyanines, 

° copper sulfophthalocyanines, 

° metal porphirins, 

15 o chlorophyll, 

° esculetin, 

o esculin, 

o umbel 1 ipheron , 

o C.I. 40650, 

20 o C.I. 40676, 

o glucopiranosyl pentastearate, 

o glucopiranosyl pentalaurate, 

o laminar in, 



aspartame 



25 



23 
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© saccharin, 

o iron chelated saccharide polyacrylic copolymer 
(Beixon AB) . 

Examples of MOD compounds are the following: 

5 o glutathione, 

° Benoxacor, 

o Dichlormid, 

o Furilazol, 

o MG 191, 

.0 o Dicyclonon, 

o 4-thiazol-idinecarboxylie acid (TCA) , 

o N-acetyl-4-thiazolidinecarboxyic acid (ATCA) , 

o N-benzoil-4-thiazolidinecarboxylic acid, 

o N-f ormyl-4-thiazolidinecarboxylic acid, 

.5 o sodium salt of N-acetyl -4-thiazolidinecarboxylic 

acid, 

o copper (II) salt of N-acetyl-4-thiazolidine- 
carboxylic acid, 

o iron (II) salt of N-acetyl-4- thiazolidine- 
0 carboxylic acid, 

o sodium salt of 4-thiazolidinecarboxylic acid, 

o copper (II) salt of 4-thiazolidinecarboxylic 
acid, 

o iron (II) salt of 4-thiazolidinecarboxylic acid, 
5 o methyl ester of 4-thiazolidinecarboxylic acid, 

24 
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o methyl ester of N-acetyl-4-thiazolidinecarboxylic 
acid, 

o ethyl ester of 4-thiazolidinecarboxylic acid, 

o ethyl ester of N-acetyl-4-thiazolidinecarboxylic 

5 acid, 

o isopropyl ester of 4-thiazolidinecarboxylic acid, 

o isopropyl ester ' of N-acetyl-4- 

thiazolidinecarboxylic acid, 

o 4 -hydroxyproline , 

10 o copper salt of 4 -hydroxyproline, 

o ~ methyl ester of 4 -hydroxyproline, 

o sodium salt of 4 -hydroxyproline, 

© N- acetyl -4 - hydroxyprol ine , 

o N, O-diacetyl -4 -hydroxyproline, 

15 © allantoine, 

o allantoic acid, 

o L-glutamic acid, 

o ethyl diester of glutamic acid, 

o methyl diester of glutamic acid, 

20 o N-acetyl glutamic acid, 

o monosodium salt of L-glutamic acid, 

o disodium salt of L-glutamic acid, 

o copper (II) salt of L-glutamic acid, 

o iron (II) salt of L-glutamic acid, 

25 o zinc (II) salt of L-glutamic acid, 

25 



WO 2005/094580 PCT/EP2005/00 1 924 



o ' tert-butylhydroquinone, 

• cysteine, 

o N-acetylcysteine, 

o Jtf-benzoylcysteine , 

5 © methyl ester of S-carboxymethylcysteine, 

o ■ S-carboxymethylcysteine, 

o S-carboxymethylcysteine lysine salt, 

o S-methoxycarbonylmethylcysteine , 

o methyl ester of S-methoxycarbonylmethylcysteine, 

10 o cystine, 

o N/N-diacetylcystine, 

o methyl diester of cystine, 

* 

o betaine. 

The compounds indicated as PRO, in particular the PRO 
15 compounds pertaining to the sub-group a) , (for example 

titanium dioxide, zinc oxide, silicic acid) are prefera- 
bly in micronized form with a particle size lower than 1 
micron . 

An important advantage of the method for stimulating 
2 0 the natural defence systems of plants according to the 
present invention, consists in allowing the induction of 
the natural defences the plant for agronomical purposes, 
so that the magnitude of the response can be modulated 
and the response can be reliable with respect to the pos- 
25 sible appearance of side-effects which can jeopardize the 

26 
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quality and quantity of the crops treated. 

This method therefore envisages applicative programs 
which involve the application of one or more compounds, 
among which salicylic acid and its functional homologous 
5 products already defined as BSA, blended or alternating 
with one or more compounds/ already defined as PRO, capa- 
ble of amplifying the response induced by ESA, and/or in 
a blend or alternating with one or more compounds already 
defined as MOD, capable of minimizing and/or eliminating 

10 undesired side-effects which can cause qualitative or 
quantitative damage to the crops treated. 

The use of blends of one or more PRO compounds, re- 
sponsible for occasional necrosis when applied to crops 
under critical biotic and abiotic conditions , is there- 

15 fore within the spirit of the present invention, in 
blends or alternated with ESA compounds . 

Again within the spirit of the present invention is 
the use of blends of one or more PRO compounds, responsi- 
ble for occasional necrosis when applied to crops under 

20 critical biotic and abiotic conditions, in blends or al- 
ternated with MOD compounds. 

Yet again within the spirit of the present invention 
is the use of blends of one or more ESA compounds, known 
for inducing SAR, in blends or alternated with MOD com- 

25 pounds . 
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As mentioned above, an object of the present invention 
relates to a method for stimulating the natural defence 
systems of plants and inducing resistance in the plant, 
which includes the application of two or more compounds 
5 ' selected from at least two of the following groups: one 
or more compounds belonging to the ESA group and/or one 
or more compounds belonging to the PRO group and/ or one 
or more compounds belonging to the MOD group, wherein 
ESA, PRO and MOD have the above-mentioned meanings, ei- 
10 ther mixed with each other or individually, through ap- 
plicative programs which envisage their alternating use. 

Examples of preferred blends are: 

o salicylic acid + titanium dioxide + TCA, 
o acetylsalicylic acid + Prussian blue + ATCA, 
15 o salicylic acid + Prussian blue + ATCA, 

o copper (II) salt of salicylic acid + iron sul- 
phate, 

o copper (II) salt of 5-chloroacetylsalicylic acid 
+ iron sulphate + glutathione, 

20 o copper (II) salt of acetylsalicylic acid + tita- 

nium dioxide, 

o copper (II) salt of acetylsalicylic acid + tita- 
nium dioxide + Prussian blue, 

o copper (II) salt of acetylsalicylic acid + iron 
25 sulphate, 

28 
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o copper (II) salt of acetylsalicylic acid + zinc 
sulphate, 

o copper (II) salt of acetylsalicylic acid + copper 
sulphate, 

5 o copper (II) salt of acetylsalicylic acid + zinc 

oxide , 

o copper (II) salt of acetylsalicylic acid + copper 

phthalocyanine , 
o 2, 6-dichloroisonicotinic acid (INA) + ATCA, 
10 o S-methyl ester of benzo [1,2,3] thiadiazolyl-7- 

thiocarboxilic- acid (BTH) + ATCA + TCA, 

o BABA + ATCA +' TCA, 

o BABA + cysteine, 

o copper (II) salt of salicylic acid + chitosane + 
15 glutamic acid, 

o copper (II) salt of acetylsalicylic acid + chito- 
sane + glutathione, 

o copper (II) salt of acetylsalicylic acid + terbu- 
tylhydroquinone , 

20 ° salicylic acid + iron sulphate, 

o salicylic acid + zinc sulphate, 

o copper (II) salt of salicylic acid + iron sul- 
phate, 

o copper (II) salt of salicylic acid + zinc sul- 
25 phate, 

29 
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o copper (II) salt of acetylsalicylic acid + iron 
phthalocyanine , 

o copper (II) salt of acetylsalicylic acid + zinc 
phthalocyanine , 

5 o copper (II) salt of acetylsalicylic acid + cys- 
teine + iron (II) salt of glutamic acid, 

o copper (II) salt of acetylsalicylic acid + gluco- 
samine + ATCA, 

o copper (II) salt of acetylsalicylic acid + tita- 
10 nium citrate, 

o copper (II) salt of acetylsalicylic acid + tita- 
nium malate, 

o copper (II) salt of acetylsalicylic acid + copper 
carbonate, 

15 o copper (II) salt of acetylsalicylic acid + copper 

carbonate + acetylcysteine, 

o copper (II) salt of acetylsalicylic acid + cal- 
cium phosphate + terbutylhydroguinone . 
The compounds called ESA, PRO and MOD are products 
20 on the market or which can be obtained through the 

most common synthesis methods known in literature. 

The method for stimulating the natural, defence sys- 
tems of plants according of the present invention, al- 
lows many fungin and bacterial phytopathogens or vi- 
25 ruses to be controlled. 
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More specifically, the blends according to the pres- 
ent invention have a particularly high fungicidal activ- 
ity against phytopathogen fungi which attack crops of 
vines, tobacco, sugar beet, cereals, vegetables, rice, 
5 Cucurbitaceae, fruit trees. 

Examples of phytopathogen fungi which can be effica- 
ciously fought by means of this technology, are: 

Erysiphe spp. on cereals; 
Puccinia spp. on cereals; 
10 - Pla.smopa.ra viticola on vines; 

Pythium spp. on vegetables; 
Phytophthora spp- on vegetables; 
Peronospera tabacina on tobacco; 
Septoria spp. on cereals; 
15 - Sphaerotheca fuliginea on Cucurbitaceae (for 

example cucumber) ; 

Pseudoperonospera cubensis on cucurbitaceae; 
Pyricularia oryzae on rice; 
Uncinula necator on vines; 
20 - Venturia spp. on fruit trees; 

Botrytis cinerea on vines and vegetables; 

* 

Fusarlum spp. on cereals; 

Alternaria spp. on fruit trees and vegeta- 
bles ; 

25 - Bremia on salads and spinach. 
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This method for stimulating the natural defence sys- 
tems of plants and inducing resistance in plants, accord- 
ing to the present invention, is capable of exerting a 
fungicidal action of both a curative and preventive na~ 
5 ture . 

A further object of the present invention relates to a 
method for controlling phytopathogen fungi in agricul- 
tural crops, which includes the use of two or more com- 
pounds selected from at least two of the following 

10 groups: one or more compounds belonging to the ESA - group 
and/ or one -or more compounds belonging to the PRO group 
and/or one or more compounds belonging to the MOD group, 
wherein ESA, PRO and MOD have the above-mentioned mean- 
ings, both in blends and through applicative programs 

15 which envisage their alternated use. 

The amount of each compound, selected from those de- 
fined as ESA, PRO and MOD, to be applied for obtaining 
the desired effect can vary according to several factors, 
such as, for example, the compound used, the crop to be 

20 preserved, the type of pathogen, the degree of infection, 
the climatic conditions, the application method, the for- 
mulation adopted. 

The dosage of each compound selected from ESA, PRO 
and MOD, can range from 0.5 g to 5* kg per hectare and 

25 normally provide a sufficient control. 
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The application of this method can be effected on 
all parts of the plant, for example on the leaves, stems, 
branches and roots, or on the seed itself before sowing, 
or on the ground in which the plant grows . 

Blends formulated in the form of dry powders, wetta- 
ble powders, emulsifying concentrates, micro -emulsions , 
pastes, granulates, solutions, suspensions, etc.. can be 
adopted: the choice of the type of formulation will de- 
pend on the specific use. 

The blends are prepared in the known way, for exam- 
ple by diluting or dissolving the active substance with a 
solvent medium and/or a solid diluent, possibly in the 
presence of surfactants. 

Solid diluents or supports which can be used, are 
for example: silica, kaolin, bentonite, talc, infusorial 
earth, dolomite, calcium carbonate, magnesia, gypsum, 
clay, synthetic silicates, attapulgite, sepiolite. 

Liquid diluents which can be used, are for example, 
in addition to water, aromatic organic solvents (xylols 
or blends of alkylbenzols, chlorobenzenes , etc..) paraf- 
fins (petroleum fractions) , alcohols (methanol, propanol, 
butanol, octanol, glycerine, etc.), esters (ethyl or 
isobutyl acetate, etc..) ketones (cyclohexanone, acetone, 
acetophenone, isophorone/ ethyl amyl ketone, etc.), am- 
ides (N,N-dimethylformamide, N-methylpirrolydone, etc.). 
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Sodium salts, calcium salts, triethylamine or tri- 
ethanolamine, alkylaryl sulphonates, polyethoxylated al- 
kylphenols, polyethoxylated esters of sorbitol, lignin- 
sulphonates, etc.. can be used as surfactants. 
5 The blends according to the present invention can 

also contain special additives for particular purposes, 
for example adhesive agents, such as gum Arabic, polyvi- 
nylalcohol, polyvinylpyrrolidone, etc.. 

When desired, other compatible active principles can 
10 be added to the blend according to the present, invention, 
such as, -for example, other fungicides, phytoregulators , 
antibiotics, herbicides, insecticides, fertilizers . 

Preferably, the products already claimed in interna- 
tional patent application PTC/EP02/12982 can be used. 
15 Examples of other fungicides which can be included 

in the compositions of the invention are: 

AC-382042, ampropylfos, anilazine, azaconazole, azoxys- 
trobin, benalaxyl (in its racemic form or as an optically 
active R isomer), benclothiaz, benomyl, bitertanol, blas- 
20 ticidin-S, bromuconazole, bupirimate, buthiobate, capta- 
fol, captan, carbendazim, carboxin, carpropamid, chinome- 
thionat, chloroneb, chlorothalonil, chlozolinate , cyazo- 

♦ 

famid, cymoxanil, cyproconazole, cyprodinil, debacarb, 
dichlofluanid, dichl one, diclobutrazol , diclomezine, di~ 
25 cloran, dicyclomet, diethof encarb, diphenoconazole, di- 
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flumetorim, dimethirimol, dimethomorph, diniconazole, di- 
nocap, dipyrithione, ditalimfos, dithianon, dodemorph, 
dodine, edifenphos, epoxyconazole, etaconazole, 

ethaboxam, ethirimol, ethoxyquin, etridiazole, fa- 
5 moxadone, f enamidone, f enaminosulf , fenapanyl, fenarimol, 
fenbuconazole, fenfuram, fenhexamid, fenpiclonyl, fen- 
propidin, f enpropimorph, fentin, ferbam, ferimzone, 
fluazinam, fludioxonyl, flumetover, flumorph, fluoro- 
imide, f luotrimazole, f luoxastrobin, f luquinconazole , 

10 flusilazole, flusulf amide, flutolanil, flutriafol, fol- 
pet,, f osetylaluminium, f uberidazole, _furalaxyl, furco- 
nazole, guazatine, hexaconazole, hydroxyquinoline sul- 
fate, hymexazol, ICIA0 85 8, imazalil, imibenconazole, imi- 
noctadine, ipconazole, iprobenfos, iprodione, IR58 85, 

15 isoprothiolane, iprovalicarb, kasugamycin, kresoxim- 
methyl, mancopper, mancozeb, maneb, mebenil, mepanipyrim, 
mepronil, metalaxyl, metalaxyl-M, metconazole, meth- 
furoxam, metiram, metsulf ovax, MON-65500 , myclobutanil , 
natamycin, nitrothal-isopropyl , nuarimol, ofurace, 

20 orisastrobin, oxadixyl, oxycarboxin, pefurazoate, penco- 
nazole, pencycuron, pentachlorophenol and its salats, 
phthalide, piperalin, Bordeaux mixture, polyoxins, pro- 
benazole, prochloraz, procymidone, propamocarb, propico- 
nazole, propineb, proquinazid, protbiocarb , prothioco- 

25 nazole, pycoxystrobin, pyracarbolid, pyraclost robin, py- 



WO 2005/094580 



PCT/EP2005/001924 



razophos, pyrifenox, pyrimethanil , pyroquilon, pyroxyfur, 
quinacetol, quinazamid, quinconazole, quinoxyfen, quin- 
tozene, rabenazole, cuprum hydroxyde, cuprum oxychloride, 
cuprum sulfate, RH-7281, RPA-407213, simeconazole, spi- 
5 roxamine, spiromesif en, metominostrobin, streptomycin, 
SYP-L- 190 , tebuconazole , tetraconazole , thiabendazole , 
thicyofen, thif luzamide, thiophanate -methyl , thiram, ti- 
oxymid, tolclof os-methyl , tolylf luanid, triadimefon, tri- 
adimenol, triarimol, triazbutil, triazoxide, tricy- 
10 clazole, tridemorf, trif loxystrobin (CGA 2 79202) , triflu- 



Lzole, triforine, triticonazole, validamycin, vinclozo 



lin, zineb, ziram, sulphur, zoxamide. 

These fungicidal compounds are products already on 
the market or about to be commercialized. Their descrip- 

15 tion can be easily found in technical literature, for ex- 
ample in n The pesticide manual", 2000, XII edition, Brit- 
ish Crop Protection Council Ed. 

IR5885 refers to one of the compounds among those 
claimed in patent application EP-A-1028125 . 

20 The concentration of active principle in the above 

blends can vary within a wide range depending on the ac- 
tive compound, the applications for which it is destined, 
the environmental conditions and type of formulation 



adopted. 



25 



The concentration of active principle generally 
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ranges from 1 to 90%, preferably from 5 to 50%. 

The following examples for the application of the 
method according to the present invention are provided 
for illustrative but non-limiting purposes of the present 
5 invention. 
EXAMPLE 1 

Efficacy of blends of one or more compounds belonging to 
the groups of compounds ESA, PRO and MOD in the control 
of Plasmopara viticola on vines in preventive leaf appli- 

10 cation (greenhouse test) . 
Table 1 - Table -4 

L eaves Q f cultivar Merlot vines, grown in vases, in 

a conditioned environment (20±1°C, 70% relative humid- 
ity) , were treated by spraying both sides of the leaves 

15 with the blends in question dispersed in an aqueous solu- 
tion containing 0.3% of tween 20. 

After remaining 7 days in a conditioned environment, 
the plants were infected on the lower side with an aque- 
ous suspension of Plasmorpara viticola. spores (200,000 

20 spores per cm 3 ) . 

The plants were kept in a humidity saturated envi- 
ronment, at 21°C, for the incubation period of the fungus 
and, at the end of this period (7 days) , the fungicidal 

activity is evaluated according to an evaluation percent- 

■ 

25 age scale from 100 (healthy plant) to 0 (completely in- 
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fected plant) . 

From the data indicated in Table 1 and 2, it is pos- 
sible to verify the synergetic effect of the blends, con- 
sisting of the blends being tested, compared with the ex- 
5 pected efficacy using the Limpel formula ("Pesticide Sci- 
ence" (1987), vol. 19, pages 309-315): 
E = x + y - (xy/100) 
wherein: 

- E is the expected fungicidal activity, in the absence 
10 of synergetic effects, from a blend obtained by mixing 
g.x of the compound X with g.y.of the compound Y; 

- x is the activity of compound X when used alone at a 
dose of g.x/ 

. y i s the activity of compound Y when used alone at a 

15 dose of g.y. 

When the fungicidal activity found experimentally is 
greater than the value of E, said activity should be con- 
sidered as being a synergetic effect . 
Table 1 

20 7 -day preventive activity on Plasmopara vitlcola. of 
blends of the copper (II) salt of acetylsalicylic acid 
(Cu 2+ ASA 2 ) , which at 64 ppm*(g.x) is 78 (x) . 
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10 



15 



Blends 


Doses 
ppm* 

(g*) 


Activity 

(y) 


Blend ac- 
tivity ac- 
cording to 
Limpel 

(E) 


Experi- 
mental 
blend 

activity 


Synergy 
Factor 


Unde- 
sired 

effects 


** TiO? 


24 


24 


83 28 


100 

1 


1.20 


0 


Prussian blue 


12.5 


13 


80.86 


100 


1.24 


0 


FeS0 4 


28 


40 


86.80 


100 


1.15 


0 


ZnS0 4 


33 


22 


82.84 


100 


1.21 


0 


CuS0 4 


32 


48 


88.56 


160" 


1.13 


0 


**ZnO 


33 


30 


84.60 


99 


1.17 


0 


Saccharide 
polyacrilyc co- 
polymer (Beixon 
AB) 


28 


7 


79.54 


90 


1.13 


o 



* the doses in ppm refer to the quantity of Equivalent 
Metal; 

** Ti0 2 has a particle size equal to 0.15 micron; ZnO 
20 has a particle size ranging of from 0,05 to 0.07 mi- 

cron. 

Undesired effects refer to the appearance of necro- 
sis or leaf decolouring. 
TABLE 2 
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7-day preventive activity on Plasmopara viticola of 
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10 



15 



20 



blends of the copper (II) salt of acetylsalicylic acid 
(Cu 2+ ASA 2 ), which at 50 ppm*(g.x) is 66 (x) . 




* the doses in ppm refer to the quantity of Equiva 



25 lent Metal. 
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♦ the doses in ppm refer to the quantity of Active 
Ingredient . 

Undesired effects refer to the appearance of necro- 
sis or leaf decolouring. 
5 Table 3 

7-day preventive activity on Plasmopara viticola of 
blends of the copper (II) salt of salicylic acid 
(Cu 2+ SA 2 ) , which at 64 ppm*(g.x) is 85 (x) . 



0 



Blends 


Doses 
ppm* 


Activity 

<y> 


Blend ac- 
tivity ac- 
cording to 
Limpel 

(E) 


Experi- 
mental 
blend 

activity 


Synergy 
Factor 


Unde- 
sired 

effects 


**Ti0 2 


24 


24 


88.60 


100 


1.13 


2 


Prussian blue 


12.5 


13 


86.95 


100 


1.15 


4 


FeS0 4 


28 


40 


91.00 


100 


1.09 


5 


ZnS0 4 


33 


22 


88.30 


100 


1.13 


5 


CuS0 4 


32 


48 


92.20 


100 


1.08 


5 


**ZnO 


33 


30 


89.5 


100 


1.11 


3 

■ 



* the doses in ppm refer to the quantity of Equiva- 



lent Metal . 

0 ** Ti0 2 has a particle size equal to 0.15 micron; 

ZnO has a particle size ranging of from 0.05 to 0.07 
micron. 

Undesired effects refer to the appearance of necrosis 
or leaf decolouring . 
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Table 4 



7-day preventive activity on Plasmopara viticola of ter 
5 nary blends: 



10 



Blends 


Dose ppm 


Blend experi- 
mental activity 


Undesired 
effects 


Cu 2 * ASA 2 +**Ti0 2 + 
Prussian blue 


50 + 30 + 12.5 


100 


0 


Cu 2+ .SA 2 + **Ti0 2 + 
Prussian blue 


50 + 30+ 12.5 


100 


0 


Cu 2+ SA + **TiO z + 
Prussian blue 


50 + 30 + 12.5 


100 


0 



* the doses in ppm refer to the quantity of Equivalent 
Metal . 

15 ** Ti0 2 has a particle size equal to 0.15 micron. 

Undesired effects refer to the appearance of necrosis 
or leaf decolouring. 
EXAMPLE 2 

Efficacy of blends of one or more compounds belonging to 
2 0 the groups of compounds ESA, PRO and MOD in the control 
of Pe ronospora Tabacina on tobacco in preventive leaf ap- 
plication (greenhouse test) . Table 5 

Leaves Q f cultivar Burley tobacco plants, grown in 

vases, in a conditioned environment (20±1°C, 70% relative 
25 humidity) , were treated by spraying both sides of the 
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leaves with the blends in question dispersed in an aque- 

■ 

ous solution containing 0.3% of tween 20. 

After remaining 7 days in a conditioned environment, 
the plants were infected on the lower side with an aque- 
5 ous suspension of Peronospora Tabacina spores (200,000 
spores per cm 3 ) . 

After remaining 24 hours . in a humidity saturated en- 
vironment, at 21 °C, the plants were transferred to an- 
other conditioned environment for the incubation period 
10 of the fungus and, at the end of this period (7 days) , 
the fungicidal activity is evaluated according to an 
evaluation percentage scale from 100 (healthy plant) to 0 
(completely infected plant) . 

Table 5 

15 7 -day preventive activity on Peronospora tabacina of 
blends of the copper (II) salt of acetylsalicylic acid 
(Cu 2+ ASA 2 ) , which at 75 ppmMg.x) is 85 (x) . 



20 
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Blends 


Doses 
ppm* 

(g.y) 


Activity 

(y) 


Blend ac- 
tivity ac- 
cording to 
Limpel 

(E) 


Experi- 
mental 
blend 

activity 


Synergy 
Factor 


Unde- 
sired 

effects 


**TiO z 


24 


5 


85.75 


98 


1.14 


0 


FeS0 4 


28 


15 


87.25 


98 


1.12 


0 


ZnS0 4 


33 


20 


88.0 


98 


1.14 


0 


CuS0 4 


32 


45 


91.75 


100 


1.09 


0 


**ZnO 


33 


15 


87.25 


97 


1.11 


0 
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* the doses in ppm refer to the quantity of Equivalent 
Metal . 

** Ti0 2 has a particle size equal to 0.15 micron; 
ZnO has a particle size ranging of from 0.05 to 0.07 mi- 
5 cron . 

Undesired effects refer to the appearance of necro- 
sis or leaf decolouring. 
Example 3 : 

Evaluation of the phyto- toxicity of blends of one or more 
10 compounds belonging to the groups of compounds ESA, PRO 
and MOD on a bean plant in preventive leaf application 
(greenhouse test) . Table 6 

Leaves of cultivar Borlotto of Vigevano bean plants, 

grown in vases, in a conditioned environment (25±1°C, 6 0% 
15 relative humidity) , were treated by spraying both sides 
of the leaves with the blends in question dispersed in an 
aqueous solution containing 0.3% of tween 20. 

After 7 days in a conditioned environment, the in- 
tensity of the necrosis or leaf decolouring is evaluated 
20 with an evaluation scale from 100 (healthy plant) to 0 
(plant completely infected with necrosis or decoloured) - 
Table 6 

25 
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10 



15 



20 



Blends 


Dose ppm 


Leaf necrosis 


Leaf decolouring 


BTH 


125 


10 


40 


BTH + ATCA 


125 + 125 


5 


0 


BTH + TCA 


125+125 


5 


o 


BTH + cysteine 


125 + 125 


8 


/-J 

2 


BTH + betaine 


125+ 125 


2 


0 


Cu 2+ ASA 2 


125 


40 


0 


Cu 2+ ASA 2 + TCA 


125+ 125 


0 


0 


Cu 2+ ASA 2 + ATCA 


125+ 125 


0 


0 


Cu 2 ASA 2 + glutathione 


125+ 125 


2 


0 


Cu* ASA 2 + cysteine 


125+ 125 


5 


0 


Cu 2 ASA 2 + betaine ■ 


125+125 


2 


0 


Cu 2+ SA 


125 


55 


5 


Cu 2+ SA + TCA 


125+125 


5 


0 


•Si 

Cu 2+ SA + ATCA 


125 + 125 


0 


0 

,. ■- ... -,, - — .. — — ~. 


Cu SA + glutathione 


125+125 _ 


5 


m^ 

0 


Cu* SA + cysteine 


125 + 125 


5 


0 


Cu 2 ' SA + betaine 


125 + 125 


5 


0 


INA 


125 


50 


10 


IN A + TCA 


125+125 


A m^ 

10 


5 


INA + ATCA 


125 + 125 


0 


0 


INA + glutathione 


125+125 


3 


0 


INA + cysteine 


125 + 125 


4 


0 


BABA 


125 


30 


15 


BABA + TCA 


125+125 


2 


0 


■ 

BABA + ATCA 


125+ 125 


0 


0 


BABA + glutathione 


125 + 125 


3 


U 


BABA + cysteine 


125+125 


2 


0 


Cu 2+ SA 2 


125 


42 


5 


Cu 2+ SA 2 + TCA 


125+125 


3 


0 


Cu 2+ SA 2 + ATCA 


125+125 


0 


0 


Cu 2+ SA 2 + glutathione 


125+125 


2 


0 


Cu 2+ SA 2 + cysteine 


125 + 125 


2 


0 


Cu 2+ SA 2 + betaine 


125+125 


5 


0 



Example 4 

25 Efficacy of blends of one or more compounds belonging to 
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the groups of compounds BSA, PRO and MOD in the control 
of Plasmopara viticola on vines in preventive leaf appli- 
cation (grennhouse test), with elimination of undesired 



phyto- toxicity effects 



Table 7 



10 



15 



20 



Table 7 

7-day preventive activity on Plasmopara viticola of 
blends of the copper (II) salt of salicylic acid 
(Cu 2+ SA 2 ) , which at 64 ppmMg.x) is 85 (x) . (The data 
without the addition of a MOD compound are already indi- 



cated in Table 3) . 



Blends 



'*TiO z + ATCA 



*** 



Prussian blue + 
ATCA 



FeS0 4 + TCA 



*** 



ZnSQ 4 + ATCA 



C11SO4 + TCA 



**ZnO + ATCA 



Doses 
ppm* 

(gy> 



24 



12.5 



28 



33 



32 



33 



Activity 

(y) 



24 



13 



40 



22 



48 



30 



Blend ac- 
tivity ac- 
cording to 
Limpel (E) 



88.60 



86.95 



91.00 



88.30 



92.20 



89.5 



Experi- 
mental 
blend 

activity 



100 



100 



100 



100 



100 



100 



Syn- 
ergy 

Factor 



1.13 



1.15 



1.09 
1.13 



1.08 



1.11 



Unde- 
sired 

effects 



0 



0 



0 



* the doses in ppm refer to the quantity of Equiva- 



lent Metal . 



** Ti0 2 has a particle size equal to 0.15 micron; 
ZnO has a particle size ranging of from 0.05 to 0.07 mi- 



cron; 



*** the dose of ATCA and TCA applied is 125 ppm 



25 



Undesired effects refer to the appearance of necro- 
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sis or leaf decolouring. 



47 



